Purpose: To determine the effects of age and gender on the color distribution of the right maxillary central, lateral incisors, and canine teeth. Materials and Methods: The tooth color was measured using the VITA Easyshade V spectrophotometer with a total of 202 volunteers (89 men, 113 women). The age distribution in this study was between 15 and 70 years old (average: 31). A grey background color was used to prevent background reflection while performing the color measurements. Results: According to the VITAPAN Classical shade guide, the tooth color distribution of the central and lateral incisors showed a maximum of A2, with a maximum of B3 for the canine teeth. When comparing the International Commission on Illumination L * , a * , and b * values (CIELab color space coordinates) of the teeth with subject gender, statistically significant differences were not found between gender and the L * and b * values (p > 0.05); however, a statistically significant difference was observed between gender and the a * values (p < 0.05). Conclusion: When the distribution ratio of tooth color was examined, different ratios were determined based on gender and age and between the maxillary central, lateral incisors, and canine teeth. A uniform tooth color should not be chosen for anterior restorations, and factors such as gender and age should be considered when making a color selection for patients.
Ensuring the natural tooth form and color is important for the esthetic success of a restoration. 1, 2 The anterior region is one of the most striking areas for a dental restoration; therefore, tooth color determination is very important for esthetic dentistry. It is especially important that the color be selected using the correct method, and it should be transferred to the technician correctly. 3, 4 However, various parameters make it difficult to achieve a natural appearance in a restoration, including the optical properties of the natural teeth, light permeability, and surface properties. Moreover, a number of factors, such as the color perception of the individual, source of environmental light, and the structural and surface properties of both the tooth and the material used, play critical roles in the success of the color selection. 5 Both conventional and digital methods have been widely used in tooth color selection. 6 One commonly used conventional method 7 is to measure the tooth color with the help of a scale. 1, 8 Using this method, the tooth color is determined by comparing the tooth and the scale in the same environment, under the same light; however, the light source and the subjective characteristics (factors such as age, gender, experience, color blindness, and eye fatigue) can lead to different results. 1, 9, 10 The most commonly used scale is the VITA-PAN Classical shade guide (VITA Zahnfabrik, Bad Sackingen, Germany), and acceptable color selections have been made using this scale. 11 For the digital method, various color measurement instruments have been used, including spectrophotometers, colorimeters, digital cameras, and RGB devices. 12 These digital devices ensure a more standard and reliable measurement of color. 2, 6, 13 When compared to conventional tooth color measurement methods, they have been reported to provide better results. 6, [13] [14] [15] Both the Munsell and International Commission on Illumination (CIE) color systems have been previously used in color identification studies. In the Munsell color system, the color is identified by the tone (hue), value (value), and intensity (chroma). The hue defines a color, like blue, yellow, or red, and it is a feature distinguishing one color group from the other. The value is the degree of brightness and amount of light e96 reflected by an object; a low value refers to dark colors, while a high value refers to lighter colors. Moreover, a low value shows a grey tooth as non-vital. The chroma refers to the intensity of the color. 16, 17 The CIE L * , a * , and b * (CIELab) system has also been used for tooth color related studies. 1, [18] [19] [20] [21] This system has three coordinates to define the color: L * specifies the lightness and darkness of the color, while the a * and b * coordinates define the chromatic characteristics of the color. This system provides one with the ability to examine the color differences between two objects or teeth. 16, 17 The CIELAB system is used to digitally measure the color differences of teeth. The CIEDE2000 system is preferred in dentistry research because it provides more consistent results when evaluating these color differences. 22, 23 In dentistry, the formula
1/2 is used in color-related research to compare the colors of two different restorations, or two different tooth colors. 17, 18, 24, 25 This formula evaluates the size of the color difference between the two colors numerically; however, it does not provide a sense of the direction of the color's coordinate axis. 24 To evaluate the difference between two colors in the CIEDE2000 system, researchers use this formula:
to calculate the E value. 25 The purpose of this study was to investigate the effects of age and gender on the L * , a * , and b * values of the maxillary central, lateral incisors, and canine teeth. The tooth color measurements included only those healthy right maxillary central, lateral incisors, and canine teeth with no internal staining, and without previous orthodontic treatment, bleaching, or any other kind of restoration that was not endodontic treatment. The measurements were conducted in daylight and clear weather, between 10:00 am and 12:00 pm. Any bright colors on the patients' faces or clothing were covered during the tooth color measurements. Before the measurements, an infection control shield (VITA Easyshade Infection Control Shield; VITA Zahnfabrik) was inserted into the VITA Easyshade V device (VITA Zahnfabrik), and the device was calibrated according to the manufacturer's instructions before each tooth measurement. In addition, the plaque index scores of the teeth were obtained before measuring the tooth colors, and the measurement was made with "0" on the surface of the tooth. Three measurements were performed on the middle third of the labial surface of each right maxillary central, lateral incisor, and canine tooth by placing the tip of the device perpendicularly. The average of these three measurements was obtained. A grey background color was used to prevent background reflection while performing the color measurements with the VITA Easyshade V device.
Materials and methods
The "L, C, and H" data of the color measurements obtained with the VITA Easyshade V device were recorded, and the conversions to the L * , a * , and b * values were carried out using found the on the EasyRGB website (http://www. easyrgb.com/index.php?X=CALC#Result). The E * values were calculated using the following formula: A E * value of 2.6 was used in this study. The color measurements of the central and lateral incisors and canine teeth were compared statistically with the VITA Easyshade V device. Student's t-test was used for the statistical comparison of the tooth color distribution between the genders, and ANOVA was used for the statistical comparison of the tooth color distribution between age groups. All statistical analyses were made using the SPSS 15.0 data analysis program (SPSS Inc., Chicago, IL). Figure 1 shows the general distributions of the color measurement values of the right maxillary central and lateral incisor and canine teeth obtained using the Vita Easyshade V device according to the VITAPAN Classical color scale. When examining the general distribution, and without considering the age and gender, A2 (29.7%) and A1 (12.9%) were the most often measured central tooth colors, while B1, C4, and D2 (0.5%) were measured the least. For the lateral incisors, A2 (21.8%) and B3 (15.3%) were measured most often, while B4 and D2 (0.5%) were measured the least. Tooth color B1 was not identified in any of the measurements on the lateral incisors. On the canine teeth, B3 (30.7%) and A3.5 (30.2%) were observed most often, while B2 and D3 (0.5%) were observed the least. A1, B1, C2, and D2 were not detected in any of the measurements performed on the canine teeth.
Results
The age distribution of the 202 individuals whose tooth colors were measured within the context of this study was classified in the following way: 71 individuals were 15 to 24 years old (35.1%), 55 were 25 to 34 years old (27.2%), 46 were 35 to 44 years old (22.8%), and 30 were older than 45 years (14.9%). With regard to age, the color distribution of the right maxillary central, lateral incisor, and canine teeth is shown in Table 1 , according to the VITAPAN Classical color scale. In the central teeth, A2 was observed most often in the 15 to 24, 25 to 34, 35 to 44, and 45+ years old age groups. In the lateral teeth, A2 was measured most often in the 15 to 24, 25 to 34, and 45+ years old age groups. B3 was measured most often in the 35 to 44 years old age group. B1 was not detected in any of the right maxillary lateral teeth. In the canine teeth, B3 was observed most often in the 15 to 24 and 25 to 34 years old age groups, A3.5 was measured most often in the 34-45 years old age group, and A4 was measured most often in the over 45 age group. The overall color distribution of the right maxillary central, lateral incisor, and canine teeth is shown according to gender distribution in Figure 2 . When examining the color distribution according to gender, A2 was detected most often in both men (23.6%) and women (34.5%). In the central teeth, C4 was not detected in the women, while B1, B4, and D2 were not detected in the men. In the lateral teeth, A2 was detected most often in the women (25.7%), and A3 was detected most often in the men (19.1%). B1 and D2 were not detected in lateral teeth in the women, while B1, B4, and C4 were not detected in the men. In the canine teeth, B3 was observed most often in the women (31%), while A3.5 (38.2%) was observed most often in the men. In the canine teeth, A1, B1, C2, and D3 were not detected in the women, while A1, B1, and C2 were not detected in the men.
The general distribution of the L * , a * , and b * values of the color measurements of the right maxillary central and lateral incisor and canine teeth using the VITA Easyshade V device is shown in Table 2 . The lowest L * value was detected in the lateral teeth, while the highest L * value was detected in the canine teeth. The lowest a * value was found in the central and lateral incisors, while the highest a * value was found in the lateral incisors. The lowest and highest b * values were detected in the lateral teeth. The highest average L * value was detected in the central teeth, the highest average a * value was detected in groups (p < 0.05); however, no statistically significant differences were detected when comparing the a * and b * values of the lateral teeth between the age groups (p > 0.05). When comparing the L * values of the canine teeth, statistically significant differences were not observed between the age groups (p > 0.05); however, the a * values of the canine teeth between the 15 to 24 and 35 to 44 years old age groups were found to be statistically significant (p < 0.05). In the comparison of the b * values of the canine teeth, statistically significant differences were not detected between any of the age groups (p > 0.05)
Comparisons of the E * ab values of the central-lateral, central-canine, and lateral-canine teeth are shown in Table 4 . In these comparisons, a E * value of 2.6 was accepted as the threshold value below the limit detectable by the human eye. This ratio was found in 37.6% of the central-lateral, 25.2% of the central-canine, and 27.2% of the lateral-canine. When investigating the E ab * values of the central-lateral, centralcanine, and lateral-canine according to gender, the ratio of men below the 2.6 threshold rate was 41.5% in the central-lateral, 32.5% in the central-canine, and 24.71% in the lateral-canine. In the women, these ratios were 35.4% in the central-lateral, 19.4% in the central-canine, and 29.2% in the lateral-canine.
Comparisons of the E 00 * values of the central-lateral, central-canine, and lateral-canine are shown in Table 5 . E 00 * values of the central-lateral, central-canine, and lateral-canine of all subjects were examined. The examined values were below 2.6 E * , which is the threshold value below the limit perceived by the eye. The E 00 * value was found to be 64.3% for the central-lateral, 48.5% for the central-canine, and 53.4% for the lateral-canine.
The E 00 * values of the central-lateral, central-canine, and lateral-canine were also compared based on gender. It was determined that the E 00 * values were below the 2.6 threshold value. In males, these rates were 70.7%, 57.3%, and 60.6% for the central-lateral, central-canine, and lateral-canine, respectively. In females, these values were 57.5%, 40.7%, and 45.1% for the central-lateral, central-canine, and lateral-canine, respectively.
Discussion
Human teeth are not usually uniform in color; therefore, the ratio of the tone (hue), density (chroma), and brightness (value) determines the overall color. 16, 30 For the esthetic success of a fixed prosthetic restoration, the natural form of the tooth must also be compatible with the color of the adjacent teeth. 1, 16 Especially when making the tooth color selection in an anterior restoration, the dentist often determines a single color for the central and lateral incisors and canine teeth. As a result, the natural appearance cannot be created for these anterior teeth, due to the uniform color appearance. 31 Many studies have been conducted on the measurement and distribution of tooth color, and researchers have used both conventional and digital methods in their tooth color determinations. 1, 6, 7, 18, 32 Digital devices can provide a standard measurement of the tooth and are more reliable. 2, 6, 13 Previous studies comparing conventional and digital tooth color measurement methods have reported that digital devices provided better results. 6, [13] [14] [15] Chen et al's compilation study, which evaluated the differences between tooth color measurements using visual and digital devices, reported that the spectrophotometer measurements were more precise. 6 In some previous tooth color measurement studies, a significant result was not detected between gender and tooth color. 2, [33] [34] [35] However, in addition to those studies reporting that gender and age do not affect the tooth color, other research found the opposite. 36, 37 Some studies investigating the relationship between age and tooth color have reported that central teeth become darker with age, developing more red and yellow tones.
3, 38 Alrifai et al examined the tooth color in three ethnic groups. They reported that the tooth color was darker in males than in females, and the central teeth were brighter than the lateral and canine. 39 In our study, the brightness value was greater in the central teeth than in the lateral and canine teeth in both males and females. When the gender was compared with the L * , a * , and b * values of the teeth, statistically significant differences were not found among L * and b * values and gender (p > 0.05), but a statistically significant difference was detected between a * values and gender (p < 0.05). The tooth surfaces underwent different processes before obtaining the measurements; however, the measurements were made without polishing the tooth surfaces, 20, 40 cleaning the surfaces with a toothbrush, 18, 19 or performing any specific process. 15, 41 The plaque index scores of the teeth to be measured were taken, and the measurements performed on the surfaces of the teeth received a "0" score.
Many studies have been conducted previously to investigate the impact of the background on the restoration, and on the selected tooth color during tooth color measurements. One study reported that the background did not affect the color of the restoration, 42 while other studies stated that the background did affect the color of the restoration. [43] [44] [45] [46] Ardu et al investigated the impact of the background on tooth color measurement, and detected a significant difference between the spectrophotometric measurements taken with white, black, and grey backgrounds, and the measurements taken without any background. Additionally, it was reported that the black and grey backgrounds simulated the conditions of the mouth better during color measurements. 43 Other studies have made direct measurements without using any colors in the background. 15, 18, 19, 47 In our study, the anterior tooth color measurements were performed using a grey background to better simulate the oral condition.
The color of the environmental light can also affect the color of the teeth, so researchers have measured tooth colors between 5500 K 15, 20 and 6500 K. 18, 40, 48 The average temperature value of daylight was determined as 6500 K; however, the different times of day, clouds, humidity, and pollution can all lead to changes in the color temperature. 49 In our study, the tooth color was measured in clear weather, under daylight conditions, between 10:00 am and 12:00 pm.
Conclusions
A spectrophotometric system including L * , a * , and b * values provided precise and easy tooth color measurements. Within the limits of this study, the following can be concluded:
1. The A2 shade was observed most often in the central and lateral incisors, while the B3 shade was observed most often in the canine teeth. The most common shade was A2 in both males and females. 2. Age was found to be a significant determinant in predicting the L * value of maxillary incisors. 3. Gender was found to be a significant determinant in predicting the a * value of maxillary incisors and canine teeth. 4 . A uniform tooth color should not be chosen for anterior restorations. Factors such as the gender and age of the patients should be considered when making a color selection.
